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Description 

FIELD OF THE INVENTION 



10 PRIOR ART 



50 



rrJ^T'^ Qx f e ^ ram,cwh ' ch « used as a functional material or a structural material is produced through a 

to be used as the raw matenal have a large influence on the production steps, and functions and phyS r^SsS 

ciseiy controlled so that they are suitable for an intended application. 

When a metal oxide powder is used in a dispersed state such as a magnetic fine rxrwder a filler or * ninmont ei™> 

r e ir*%r^^ 

ton. and a weak bond among pnmary particles, that is. less agglomeration and good dispersiWitv 

to JZJZZT e ' 3 Wa " iUm ° Kide PCmier « ^ely used as a raw material of a white pigment, a raw material of a filler 

1 raw ™££ iTZ. > * 3 ^ havjn » ahi « h refractive index. a SmeT 

suP^Ta^w 2l2£ r materia ' 01 3 V*"****^ «*» semiconductor, a raw materia, of a cateS 

support, a raw matenal of an abrasrve. a raw material of a dielectric material, and so on 

t,™i JIf°"! Um ^T ler 15 as a "^e^ to be used in a high temperature material or a mechanical struc- 

C£^ de , P ° Wd ^ a ^ UaU ° ma,erial "sed as an electronics material, a pigment, a catalyst or an abrasive. 

hale^'r^e^^rfrSS !T ^^! US,0n method - *• The produced metal oxide powders 
nave some problems such as formation of agglomerates, nonunrformity in the particles, a wide particle size distrhLn 

t^evJlT^nSS^l ' ^ emso,a PP afatuses ' «^tso»rawrnaterials, and soon. Then, ithasbeerVdesired 

fcn d^^^L^TJ^f 1 C ° rtainS 1688 ^ato"*™*^ Panicles and hare a narrow particle sfeo dl^S 
to^todeve^amethedfor^ 



SUMMARY OF THE IMVPMTmM 

An object of the present invention is to provide a metal oxide containinq less aoabmenrteri nsrtiH^ n nH h™™ „ 

prod^ofSl^n^Zl^ 6 ^ iS,OPrWidea ProduCfon "^hod which can be generally employed in the 
prouucoon of such metal oxide powder and is excellent industrially 

As a result of the extensrve study on the metal oxide powd^ when a mw ie ^, 

That is. according to a first aspect of the present invention, there is provided a metal oxide powder except a-aJu- 
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mina, cornprising polyhedral particles having at least 6 planes each, a number average particle size of from 0.1 to 300 
jim, and a Dgo/D^ ratio of 10 a less where D 10 and Dqq are particle sizes at 10 % and 90 % accumulation, respectively 
from the smallest particle size side in a cumulative particle size curve of the particles. 

According to a second aspect of the present invention, there is provided a rutile type titanium oxide powder com- 
prising polyhedral particles each having at least 8 planes. 

According to a third aspect of the present invention, there is provided a method for producing a metal oxide powder 
except a-alurrdna, having a narrow particle size distribution, comprising calcining a metal oxide powder or a metal oxide 
precursor powder in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected 
from the group consisting of (1) a hydrogen halide. (2) a component prepared from a molecular halogen and steam and 
(3) a molecular halogen. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scanning electron microscopic photograph (x 850) showing a particle structure of a titanium oxide pow- 
der observed in Example 1, 

Fig. 2 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Example 7, 

Fig. 3 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Example 9, 

Fig. 4 is a scanning electron microscopic photograph (x 4300) showing a particle structure of a titanium oxide pow- 
der observed in Example 1 5, 

Fig. 5 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Comparative Example 1, 

Fig. 6 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 20, 

Fig. 7 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 21 , 

Fig. 8 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 22, 

Fig. 9 is a scanning electron microscopic photograph (x 1720) shewing a particle structure of a zirconium oxide 
powder observed in Comparative Example 3, 

Fig. 10 is a scanning electron microscopic photograph (x 430) showing a particle structure of a magnesium oxide 
powder observed in Example 23, 

Fig. 1 1 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
powder observed in Example 24, 

Fig. 12 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
powder observed in Example 25, 

Fig. 13 is a scanning electron mtaoscopic photograph (x 1720) showing a particle structure of a magnesium oxide 
powder observed in Comparative Example 6, 

Fig. 14 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an iron oxide powder 
observed in Example 26, 

Fig. 15 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an iron oxide powder 

observed in Comparative Example 8, 

Fig. 16 is a scanning electron micrcscopic photograph 

der observed in Example 27, 

Fig. 1 7 is a scanning electron mrcroscopic photograph (x 4300) showing a partial e structure of a cerium oxide pow- 
der observed in Comparative Example 9, 

Fig. 1 8 is a scanning electron rracroscopic photograph (x 8000) shewing a particle structure of a tin oxide powder 
observed in Example 28, 

Fig. 19 is a scanning electron microscopic photograph (x 8000) showing a particle structure of a tin oxide powder 
observed in Comparative Example 10, 

Fig. 20 is a scanning electron microscopic photograph (x 15500) showing a particle structure of an indium oxide 

powder observed in Example 29, 

and 

Fig. 21 is a scanning electron microscopic photograph (x 15500) showing a particle structure of a indium oxide 
powder observed in Comparative Example 1 1 . 
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DETAILED DFST.BIPTinM QF TUP IMVFMTinM 
The present invention will be explained in detail. 

The metal oxide powder having the narrow particle size distribution is a compound of a single metal element and 

SjSSj! d «toyuwhed from a metal ox.de which is produced by the conventional methods and contains may 
as'a^Se mSoSe- ^ • ' rt « *gte ™«ta. etement and oxygen will be sometimes Sed^ 

™emethod of the present invention produces a metal oxide except a-alumina, having a narrow particie size disin- 
but^bycalaningametalo^ 

fal m an atmosphere containing at least one gas selected from thegroup consisti^Ta^^h^STa 
comport prepared from a molecular halogen and steam and (3) a mZrlar^oST ' ^ 3 

When the metal oxide powder having the narrow particle size distribution is produced by the method of the present 
■nventon. a metal oxide precursor powder is exemplified as a raw material «oy me memoaot the present 

thfi "ZZl^l 0x1(16 1*"* 1 ™* P™*™ « ^ed to mean a material which gives the metal oxide consisting of 

^ ^ ^ ra lf'^ ,rated OXideS ' metaS "^hydroxide, metal oxyhaBdes. and so on. 
. Jr en *!j^'^ e P^er having the narrow particle size distribution is produced by the method of the present 

a ^^* 6 :*T ater,al metal Powder, one having an average primary particle size of less than 0.1 ,un is prefer- 
aHyused. As the average pnmary particie size of the raw material metal oxide powder a particle size caloTfataxl from 

^3^°' 1 ^^T^ of the metal oxide powder containing less agglomerated particles and having 
the narrow particle size distribution may become difficult. * 

in„ ^ S ^ t ^ ySta ^!' Cfl maybeusedinthe Present invention is intended to mean a crystal which functions as a arow- 
^IT ^ ^ ^ 9^wth o' ^e intended metal oxide. Around the seed crystal, ft^aloxxte^ Z 

S TS££^£Z2* T ^ -"»*••*"-■«• powd£ having the aX^£ 
™TrTj!f than °l MmB "eed es the raw material, a metal oxide powder having a larger particle size than the 

There is no imitation on a manner for adding the seed crystal to the raw material powder Fbrexamole amhrim, 
manner such as ball milling, ultrasonic dispersing, and the likecan be used 

40 ooJ^^iJ^f ^ P ° Wder - 1,16 ra " material P 0 *^ *» ^"ce- the metai oxide 

average pnmary particie size of 0.1 m or ,ess. and those raw materials to whfchthe seed ^Jfe 
added are generally named as the raw material metal oxide powder crystals 

Gro^T?^inn^ w e,eme r t C ° nteined in *• "» serial metal oxide powder are the metal elements of the 

tiiT^^eStt;^?, TSTZS* m6taJ e,emert5 " fte &0U P » as magnesiuTSc eS! 
*5 aoTlV^S^ ^P. ,l,Suchas ytnum, cerium. gallium, indium, uranium, eta; the metal elementeof the 
22™ l^TT.' 9 ermaniuni - etc.; the metal elements of the Group V such as vanadium niobium 

in tiTmtS L n!lT IT"* maanesium ' «■•**<. zirconium iron, cerium, indium, and tin. 

» metal o^e^nofnmitS ^^Zl "^T^ P °" der M,n ° to the ***** im <*«™- *e raw mater*, 
metel oxide is not limited, and the powder produced by the conventional method can be used For examole the mebri 

c^powder or metal oxide precursor powder produced by the liquid phase method « to nS Sooner ^ 
duced by the gas phase method or the solid phase method may bTused * 

1 J^nlZX i T fi ^ the . raW oxk)e P° wde ' fe in the atmosphere gas containing at least 

55 r*\ei^ 

As a component of the atmosphere gas other than the hydrogen hatide. that is. a diluent gas. nitrogen, inert gas 
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such as argon, hydrogen, steam or an air can be used. 

A pressure of the atmosphere gas containing the hydrogen hafide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
5 ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, molecular chlorine, bromine, iodine and fluorine are used independently or as a mixture 
of two or more of them. 

The component gas is prepared from at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %. preferably at least 1 vol. %. more preferably at least 5 vol. % of the 

io steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide, the molecular halogen may be used. The raw material metal oxide powder is cal- 
cined in the atmosphere gas containing at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

is As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
be used. 

A pressure in the reaction system is not limited, and freely selected from a pressure range which is industrially 
used. 

20 A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 

A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
25 it is possible to prepare the atmosphere gas comprising the hydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium halide, or a halogen-containing polymer such 
as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
30 furnace in view of the operability. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw material metal oxide powder and the atmosphere gas, so that the metal oxide powder having the narrow particle 
size distribution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
35 obtained, for example, by simply filling the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40 % or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
40 tfon proceeds in the calcination step, whereby grinding is necessitated to obtain the metal oxide powder, and the metal 
oxide powder having the narrow particle size distribution may not be obtained in some cases, 

A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended metal 
oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from 
the molecular halogen and steam, a the calcination time. It is preferably from 500 to 1 500°C, more preferably from 600 
45 to 1400°C. When the calcination time is tower than 500°C, a long time is necessary for calcination. When the calcination 
temperature exceeds 1500°C, many agglomerated particles tend to be contained in the produced metal oxide powder. 

A suitable calcination time is not necessarfly critical since it depends on the kind of the intended metal oxide, the 
kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from the molec- 
ular halogen and steam, or the calcination temperature. It is preferably at least 1 minute, more preferably at least 10 
so minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination tempera- 
ture is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
around the seed crystals as the growing sites. 
55 A type of a calcination apparatus is not limited, and a so-called calcination furnace may be used. The calcination 
furnace is preferably made of a material which is not corroded by the hydrogen hafide or the halogen, and preferably 
comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen halide or the halogen is used, the calcination furnace is preferably an 
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airtght one. In the industrial production, preferably the calcination is carried out continuously, and a tunnel furnace a 
rotary kiln, or a pusher furnace can be used. wrnace, a 

or . ^IZfr? in Ca,dnation 10 t" e ra " m ^rial metal oxide powder is filled, preferably a crucfcle 
5 iJ^fL alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum isTsed sheathe 
s reaction proceeds in the acidic atmosphere. ' ance 

When the metal oxide powder is produced with the addition of the seed crystal to the raw material oowder thenar 

™^ ^^^^1^ ^ examp,e ' *hen amount of the seed crystalisWeased^ 

,„ P 3 ** 6 ®f 3 °» metal «wkte powder is decreased. When the seed crystal having the^llerpartSes^ 
10 is used, the particle size of the produced metal oxide powder is decreased naving me smaller particle see 

By the above described method, as shown in the attached photographs, the metal oxide powder which is not 
» flnn Jl!2^ e ^^T*"? 6 ' te a 99lomerated particles or contain agglomerated particles, a degree of 
A number average particle size of the metal oxide powder obtained by the method of the oreRont ir™™*™ i* 

D J^^JT n T ter ^ ed **™^*»e present invention ha'as thepartide sS dfettb^Ta 

r^eTfr™ JaSl^trSr " 5 *— 0,0 ^ °* « ^ ^ at 10% and 30% accunSn 
respectively from the smallest particle size side in a cumulative particle size curve of the particles 

m JH^ll ^L SiZe 1 distribufon fe measured ^ 8 centrifugal sedimentation method or a laser diffraction scatterino 
method, the obtained value is a particle size distribution of the agglomerated particles. When the ^8 sTze^SZ 

aSSt^L^ 15 "* 8Utebte 38 8,1 indusWa ' »"» material - «n the present Jenfi^TSSS f S 
agglomerabon ofthe powder, a pnmary particle size is measured, as a number average value toascanrtnTZ™ 
n^cpho^. and the opined value is compared w«h an agglomerated^ sizT^TapartSS 
at 50 % accumulation in a cumulative particle size curve of the particles (D x ) 

IS " T e ^ 60 * a99k)meration fe ^"ated by a ratio of the agglomerated particle size to the primary oarticle 
^^'.^^e*ceeds1.VVr™^ 

s^ ^TSr 18 T?*"**^* * th6 me,h0d * *» Present inven,ion has the ratio of the agglomerated particle 
tlTZL«« "I"*** fr ° m 1 to 6. more preferabty from 1 to 3. most preferablyTom fto 2 

Ea* of the particles of the metal oxide powder of the present invention has a polyhedral form rtavina aTleast 6 
planes. The number of the planes is usually from 6 to 60. preferably from 6 to 30 

$T Cret L e< !^ eS °! ^ melal ° 5dde t™**" * ^ iwenti °n be explained. 

t^^^^^^T eXP ° Sed - 71,8 P 8 ^ 6 d ** ruS,e Waniu,n ^ powder of the presentLention 
preferably composes a polyhedron having 8 to 60 planes, more preferably 8 to 30 planesThis is bera^eTeS^ 

Z SI" * SSr 1 ,6SS ^ lattice defSs T«4 S .n partSaT 

tf«^rticle B preferably a single crystal particle. When the number of the planes of the polyhedron^ ess ES 

aonJU^ ^ * 3nium °f e is characterized in that the particle size distribution is narrow, and the number of the 

« S ^ C J™*" 3,63 fe lar9e - *• P° wder conta^ many agglomerated particles and is not suitable 

t^e dSe^n^lT^J^T^^ ^ is too lame and the particles cause sedimentaticxT *hen 
Sly 0 fto^rSci ' 6 BET ***** S"**™ afea fe f* 6 ** 3 ^ 01 to 10 rrf/g. more pref- 

frxm^ fr^iTc^ 6 ^^'^l* 6 ^ ^ are characterized that their shape and particle size are uni- 

^Z^J, ^ 15 3 po 'y hedron ^ at least 8 planes. Their particle size arxt^e^z7distot^tionre 

uTSoT. o^n^T ^J 23 fe controBed in th e rang e from aboXrTsevSa^d 



3a size. 
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As the raw material powder for the flame spray coating, one having the large particle size is preferred. As the pow- 
der preferred for this use, the zirconium oxide powder comprising the particles having, preferably at least 20 nm. more 
preferably about 40 jim is selected. 

That is, the above described method can produce the zirconium oxide powder having the relatively large average 
5 particle size suitable as the raw material for the flame spray coating, by the industrially advantageous steps. 

The zirconium oxide powder of the present invention has the O so fD AO ratio of 10 or less, preferably 5 or less. Fur- 
ther, the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3, more preferably from 
1 to2. 

The magnesium oxide particles of the present invention are characterized in that their shape and particle size are 
10 uniform. The particle shape is a polyhedron having at least 8 planes. Their particle size and particle size distribution are 
controlled in the specific ranges. The particle size is usually controlled in the range from about 1 junto several hundred 
urn. This control of the particle size can be done by the selection of the raw material and the calcination conditions in 
the method of the present invention. 

The manganese oxide powder of the present invention has the Dgo/D 10 ratio 10 or less, preferably 5 or less. Fur- 
15 ther, the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3. more preferably from 
1 to 2. 

The cerium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is clear from the attached photographs, they are the cerium oxide cubic particles having the uniform shape and 
particle size. 

20 The tin oxide particles of the present invention are characterized in that their shape and particle size are uniform. 
As is clear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform shape and 
particle size. 

The indium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is clear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform 
25 shape and particle size. 

According to the present invention, it is possible to obtain the various metal oxide powders which are not agglom- 
erated particles but have the narrow particle distribution that cannot be hitherto achieved. 

In many cases, the obtained metal oxide powder is a mass of the uniform polyhedral particles, and can be used in 
the variety of applications such as the raw materials of the metal oxide base ceramics which are used as the functional 
30 material or the structural material, as the filler a the pigment, or the raw material powder for the production of a single 
crystal or for flame spray coating. By the selection of the particle size and amount of the seed crystal, the metal oxide 
having the above properties and the arbitrarily controlled particle size can be obtained. 

Ex a m ple s 

35 

Hereinafter, the present invention wiD be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were canned out as follows: 

40 1. Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nippon Electron Co.. Ltd.). From the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equiva- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the photograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
so laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of potyammonium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10%, 50% and 90 % accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , and DgQ. The was used 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size dstrfoution. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Ca. Ltd.) 

4. BET specific surface area of metal oxide powder 

A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromel- 

5. Measurement of primary particle size 

A primary particle size d (pm) was calculated accordingTo the formula of: 

d = 6/(Sxp) 

wherein S (m%) is a BET specific surface area of the powder, and P (g/cm 3 ) is a density of the powder, provided that 
the pnmary particle size d is a diameter of a particle with the assumption that it were a sphere. 

As the hydrogen chloride gas. bomb hydrogen chloride (purity: 99.9 %) supplied by Tsurumi Soda Ca Ltd or a 
decomposition gas of ammonium chloride (WAKO JUNYAKU, Special Grade Chemical) was used. When the decom- 
position gas of ammonium chloride was used, sublimation gas of ammonium chloride prepared by heating ammonium 
cMonde at a temperature higher than its sublimation point was introduced in the furnace muffle to prepare the atmos- 
phere gas ^Ammonium chloride was completely decomposed at 1100°C to provide a gas consisting of 33 vol. % of 
hydrogen chloride gas. 17 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. 

As the hydrogen bromide gas. a decomposition gas of ammonium bromide (WAKO JUNYAKU Special Grade 
wT"^ T ^ &**<™*™ gas of ammonium bromide prepared by heating ammonium bromide at a temperature 
higher than its suWnrnation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium bro- 

Trt^r^ *J^*T^ ^l 100 " 0 10 fXWide 3 935 ° f 33 "*> * Mrogen bromide gas. 1 7 vol. 

% of nitrogen gas and 50 vol. % of hydrogen gas. 

As the hydrogen fluoride gas, a decomposition gas of ammonium fluoride (WAKO JUNYAKU Special Grade Chem- 
ical) was used. Sublimation gas of ammonium fluoride prepared by heating ammonium fluoride at a temperature higher 
U^sutt.mat*>n point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium fluoride was 

^f K ?n, ^T^ti 1 °°° C 10 PfWide 3 935 C ° nSiStin9 <* 33 ^ * hydrogen "wAte gas. 1 7 vol. % of 
gen gas and 50 vol. % of hydrogen gas. 

As the chloride gas. bomb chlorine gas (purity: 99.4 %) supplied by Fujimoto Industries. Co., Ltd.) was used 

me metal oxide power or the metal oxide precursor powder was filled in an alumina or platinum vessel When the 

hatogen gas was used, the powder was f Died in the alumina vessel. A depth of the filed powder was 5 mm. The cald- 

£ TJT^^"* '"J CyfindriC31 fumace havjng a t * iar1z ™«eoran alumina muffle (manufactured by Motoyama 
Co.. L«.). WBh flowing the nitrogen gas. temperature was raised at a heating rate of from 300°C/hr. to 500»Cm7 and 
when the temperature reached an atmosphere gas introduction temperature, the atmosphere gas was introduced 

Aooroentraton of the atmosphere gas was adjusted by controlling gas flow rates by ftow meters. The flow rate of 
SmoSS ,ere ^ to 3 ' inear Vel0crty 01 20 mnVmin - ™ e to«al pressure of the atmosphere was always 1 

After the temperature reached the predetermined temperature, the powder was maintained at that temperature for 

SST. T°??2T: ^ "™ bere,efTedtoas ™*««0 temperature" (calcination tenpSZ) Z 
maintaining time (calcination time). 

^J«er the predetermined maintaining time, the powder was spontaneously cooled to obtain the intended metal oxide 

The partial pressure of steam was adjusted by the change of saturated steam pressure dependino on water tem- 
perature, and the steam was introduced in the furnace with the nitrogen gas. oepenoing on water tern 

Example 1 

A me^ic^adddurry (30 wt. % as reduced to titanium oxide weight. A product obtained in an intermediate step 
of the sulfuric acid method) was concentrated by an evaporator and then dried in an air at 200°C to obtain raw material 

t^l ^ ™ = 0 008 ^ A ° COrdin9 to * 9 X " ray ana ^ the was found to be ana- 

tase type titanium erode, and no other peak was observed. 

~ J^T" ° XWe PCWd6f (12 9) fiIled in an alumina vessel - te bulk density was 19% of the the- 

"^ ( r^J h f' 1he P° wder was P"*** " »» muffle, and heated from room temperature at a heating rate 
of 500 C/hr. while flowing the atmosphere gas consisting of 100 vol. % of hydrogen chloride at a linear velocity of 20 
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mm/min., and calcined at 1 100°C for 30 minutes, followed by spontaneous cooling to obtain a titanium oxide powder. 
The weight of the titanium oxide powder in the alumina vessel after calcination was 85 % of that of the powder before 
calcination. 

The obtained titanium oxide powder was the rutile type titanium oxide according to the result of the X-ray diffraction 
5 analysis, and no other peak was observed. The BET specific surface area was 0.2 rrftg. According to the result of the 
observation by the scanning electron microscope, the rutile type titanium oxide consisted of polyhedral particles having 
8 to 20 planes, and had the number average particle size of 9 urn. The agglomerated particle size (Dso) according to 
the particle size distribution measurement was 14.2 jim. and the D90/D10 ratio was 3. which indicated the narrow parti- 
cle size distribution. The ratio of the agglomerated particle size to the number average particle size was 1 .6. 
10 The obtained particles were observed by a transmission electron microscope. No defect was observed in the par- 
ticles, and it was found that the particle was a single crystal. The results are shown in Table 1 An electron microscopic 
photograph of the obtained rutile type titanium oxide is shown in Fig. 1 . 

ExarnpteZ 

15 

In the same manner as in Example 1 except that an atmosphere gas consisting of 10 vol. % of hydrogen chloride 
and 90 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obtained. The results are shown in Table 1 . 

20 Example 3 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride, 
10 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, 
the rutile type titanium oxide was obtained. The results are shown in Table 1. 

25 

Example 4 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride 
and 70 vol. % of an air was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type titanium 
30 oxide was obtained. The results are shown in Table 1 . 

Examples 

The raw material titanium oxide powder as used in Example 1 was filled in the alumina vessel and placed in the 
35 quartz muffle, and heated at a heating rate of 500°C/hr. When the temperature reached 600°C. the decomposed gas of 
sublimated ammonium chloride was introduced, and the powder was heated in the decomposed gas atmosphere at 
1 100°C for 30 minutes, followed by spontaneous cooling to obtain the ruffle type titanium oxide. At 1 100°C, the compo- 
nents of the decomposed gas were hydrogen chloride gas, nitrogen and hydrogen, and their volume ratio was 33:1 7:50. 
The results are shown in Table 1 . 

40 

Example 6 

In the same manner as in Example 5 except that ammonium bromide was used in place of ammonium chloride, the 
ruffle type titanium oxide was obtained. At 1100°C. the components of the decomposed gas of ammonium bromide 
45 were hydrogen bromide gas, nitrogen and hydrogen, and their volume ratio was 33:1750. The results are shown in 
Tabid 1. 

Example 7 

so In the same manner as in Example 5 except that anatase type titanium oxide (MC 90 manufactured by Ishihara 
Industries, Co., Ltd. The BET specific surface area of 104 rrf/g, and the primary particle size calculated from the BET 
specif ic surface area = 0.01 3 urn) was used as the raw material oxide powder, ammonium fluoride was used in place 
of ammonium chloride, and the alumina muffle was used in place of the quartz muffle, the rutile type titanium oxide was 
obtained. At 1 1 00°C. the components of the decomposed gas of ammonium fluoride were hydrogen fluoride gas. n'rtro- 

55 gen and hydrogen, and their volume ratio was 33:1 7:50. The electron microscopic photograph of the obtained rutile type 
titanium oxide is shown in Fig. 2. The results are shown hi Table 1. 
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Example 8 



of ste^ar^u ^J^^T* ITT** *" atm ° Ephere 838 <* chlorine. 10 vC. % 

or steam and 60 vol. % of nitrogen was used in place of the atmosphere oas of ion vni huri™*« ^ j:i 

type titanium oxide was obtained. The results are shown in SeT X, hydrogen chlorrie. the nrtle 

Example 9 



uj a^me^ maS.Z^ l^T *2 803,856 ttanium ^ P^er as used in Example 7 was 
*e1She^n^r,SS^ £f an atm< ^ here ** oMOO vol. % of chlorine was used in place of 

^TatT^T^ hydrogen chtoride. the rutSe type titanium oxide was obtained. The resutts arestown 

m Table 1 . The electron m,croscop,c photograph of the obtained ruffle type titanium oxide powder is shown in RglT 

Example m 

""jte same manner as in Example 1 except that an atmosphere gas of 1 00 vol % of chlorine was used in mac* of 
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Example 11 



55 



In the same manner as in Example 1 except that meta-titanic acid TH^30 (trade name) manufactured byTEIKACa 
Ud. was used as the raw material powder, and the calcination temperature was changed to 800°C, the rutile type tita- 
nium oxtde was obtained. The results are shown in Table 2. ^ 
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Example 12 

In the same manner as in Example 1 except that an anatase titanium oxide powder KA-1 0 (trade name) manufac- 
tured by Titanium Industries Co., Ltd. was used as the raw material powder, and an atmosphere gas consisting of 45 
5 vol. % of hydrogen chloride, 45 vol. % of an air and 10 vol. % of steam was used, the ruffle type titanium oxide was 
obtained. 

As the result of the observation using the scanning electron microscope, it was found that the polyhedral particles 
having 8 to 20 planes were produced, the length of the primary particles was about 1 0 pm and the diameter was about 
1 um. The agglomerated particle size was 7.5 um. When the average value 6 um of the average length and the average 
w diameter of the primary particles was employed as a number average particle size, the ratio of the agglomerated parti- 
cle size to the number average primary particle size was 1 .3. The results are shown in Table 2. 

Example 13 

75 To the raw material titanium oxide powder of Example 1 (10.00 g), a rutile type titanium oxide powder (TTO-55, a 
trade name, manufactured by Titanium Industries Co.. Ltd. A BET specific surface area of 38.6 rrfrg) (0.30 g corre- 
sponding to 3 wt. %) was added as the seed crystal. The addition manner comprised dispersing the raw material tita- 
nium oxide powder and the seed crystal by ultrasonic in isopropand to prepare a slurry and drying the slurry with an 
evaporator and a vacuum drier. 

20 In the same manner as in Example 1 except that the above raw material titanium oxide powder containing the seed 
crystal was used, the rutile titanium oxide was produced. The results are shown in Table 2. 

Example 14 

25 To the raw material titanium oxide powder of Example 1 , 3 wt % of a high purity rutile powder (CR-EL manufactured 
by Ishihara Industries Co., Ltd. A BET specific surface area of 6.8 mfyg. A primary particle size calculated from the BET 
specific surface area = 0.20 um) was added as the seed crystal. The addition manner comprised dispersing the raw 
material titanium oxide powder and the seed crystal were dispersed by ultrasonic in isopropanol to prepare a slurry and 
drying the slurry with an evaporator and a vacuum drier. This raw material titanium oxide powder containing the seed 

30 crystal was f Died in the alumina vessel. Its bulk density was 19 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 500°C/hr. 
while flowing nitrogen gas. When the temperature reached 800°C, the nitrogen gas was changed to an atmosphere gas 
of 100 vol. % hydrogen chloride, and the powder was calcined at 1 100°C for 30 minutes while flowing the hydrogen 
chloride gas at a linear velocity of 20 mm/min., followed by spontaneous cooling to obtain a titanium oxide powder. The 

as weight of the titanium oxide powder in the alumina vessel after calcination was 85 wt. % of that of the powder before 
calcination. The results are shown in Table 2. 

Example 15 

40 In the same manner as in Example 1 4 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride 
and 70 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obtained. The results are shown in Table 2. The electron microscopic photograph of the obtained ruffle 
titanium oxide powder is shewn in Fig. 4. 

45 Example^ 

In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of chlorine and 70 
vol. % of an air was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type titanium oxide 
was obtained. The results are shown in Table 2. 

50 

Example 17 

In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride. 
10 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride. 
55 the rutile type titanium oxide was obtained. The results are shown in Table 2. 
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Example 18 



In the same manner as in Example 1 4 except that an atmosphere gas of 1 00 vol. % chlorine gas was used in place 
of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type titanium oxide was obtained. The results are 
shown in Table 2. 



Example 19 

In the same manner as in Example 18 except that an amount of the seed crystal was changed to 1 wt %, the rutile 
type titanium oxide was obtained. The results are shown in Table 2. 

Comparative Example 1 

Using the same raw material and the furnace as used in Example 1, the raw material powder was calcined in an air 
with opening the both ends of the furnace. The raw material powder was calcined at 1 100°C for 180 minutes, followed 
by spontaneous cooling to obtain a titanium oxide powder. 

The obtained titanium oxide powder was analyzed by X-ray diffraction to confirm that it was a rutile type titanium 
oxide. No other peak was observed. The BET specific surface area was 1 .5 rrrVg. According to the observation of the 
powder by the scanning electron microscope, no polyhedron particle was formed, and spherical particles were in the 
agglomerated state, and their number average particle size was 0.5 jim. 

The agglomerated particle size (D^ according to the particle size distribution measurement was 1.5 um. and the 
[>9o/D 10 ratio was 21 , which indicated the broad particle size distrbution. A ratio of the agglomerated particle size to the 
number average particle size was 3. When the obtained particles were observed by the scanning electron microscope 
defects were found in the particle, and the particle was not a single crystal. The results are shown in Table 2. The scan- 
ning electron microscopic photograph of the obtained rutile titanium oxide powder is shown in Fig. 5. 

Comparative Example P 

In the same manner as in Comparative Example 1 except that the same raw material powder as used in Example 
14 was used, the ruffle titanium oxide was obtained. The results are shown in Table 2. 
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w^^ TJ!^ 6 oaa ^ ralte ^AKD JUNYAKU. Special Grade Chemical) (78.3 g) was dissolved in pure 

aal Grade Cherracal) contamed ma 2 filer beaker, the above aqueous solution of the zirconium salt was artedoSt 
hours whfle strnng to neutrafize the sai. and coprecipitate them. The precipitate was f iHered thr^hTf «f pCa^ 
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washed with pure water, followed by drying in vacuo at 100°C to obtain a zirconium oxide precursor powder. The BET 
specific surface area of this precursor powder was 255 rrfrg. 

The zirconium oxide precursor powder was precalctned in the air at 500°C to obtain a raw material powder. 

According to the X-ray diffraction analysis, peaks assigned to monoclinic zirconium oxide and tetragonal zirconium 
oxide were observed. The BET specific surface area was 79.4 mftg, and the primary particle size calculated from the 
BET specific surface area was 0.013 pm. 

The raw material powder was filled in a platinum vessel. Its bulk density was 15 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing an atmosphere gas of 100 vol. % hydrogen 
chloride at a linear velocity of 20 mm/min., the powder was heated from room temperature at a heating rate of 
300°C/hr. f and calcined at 1 100°C for 60 minutes, followed by spontaneous cooling to obtain a zirconium oxide powder. 
The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt % of that of the powder 
before calcination. 

According to the X-ray diffraction analysis, the obtained zirconium oxide powder was monoclinic zirconium oxide, 
and no other peak was observed. According to the observation by the scanning electron microscope, the polyhedral 
particles having 8 to 24 planes each were formed, and the number average particle size was 12 urn. The agglomerated 
particle size (Dso) according to the particle size distrtoution measurement was 15 urn, and the 0 90 /D w ratio was 3, 
which indicated the narrow particle size (fistrfoution. A ratio of the agglomerated particle size to the number average 
particle size was 1 .3. The results are shown in Table 3. The scanning electron microscopic photograph of the obtained 
powder is shown in Fig. 6. 

Example 21 

Zirconium tetrachloride (Merk. Purity. 98 %) (56.8 g) was dissolved in pure water (500 g) to obtain an aqueous solu- 
tion of a zirconium salt In pure water (760 g) contained in a 2 liter beaker, the above aqueous solution of the zirconium 
salt was added over 3 hours while stirring. During the addition, aqueous ammonium (25 wt %. WAKO JUNYAKU. Spe- 
cial Grade Chemical) was added with maintaining pH constant at 4.0 with a pH controller (FC-10 manufactured by 
Tokyo Rika Kiki Co.. Ltd.) to neutralize the salt and obtain a precipitate. An amount of the added aqueous ammonia was 
58.2 g. The precipitate was filtered through a filter paper and washed with pure water, followed by drying in vacuo at 
100°C to obtain a zirconium oxide precursor powder. The BETA specific surface area of this precursor powder was 15 
m 2 /g, and the primary particle size calculated from the BET specific surface area was 0.07 urn. 

The zirconium oxide precursor powder was calcined in the air at 500°C to obtain a raw material powder. 

According to the X-ray diffraction analysis, peaks assigned to monoclinic zirconium oxide and tetragonal zirconium 
oxide were observed. The BET specific surface area was 18.2 rrfrg, and the primary particle size calculated from the 
BET specific surface area was 0.05 urn. 

The raw material powder was filed in a platinum vessel. Its bulk density was 25 % of the theoretical value. 

Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt. % of that of 
the powder before calcination. The results are shown in Table 3. The electron microscopic photograph of the obtained 
powder is shown in Fig. 7. 

Example 22 

As a raw material zirconium oxide powder, high purity zirconia powder (ZP 20 manufactured by Chichibu Cement 
Co., Ltd. A BET specific surface area = 93 rrftg. A primary particle size calculated from the BET specific surface area 
= 0.01 urn) was used. To this raw material zirconium oxide powder, 2 wt % of a powder which was obtained by sintering 
the above zirconia powder in an air at 1 400°C for 3 hours and milling it in a ball mill (A BET specific surface area = 2.8 
rrf/g. A primary particle size calculated from the BET specific surface area = 0.36 urn) was added as a seed crystal. 
The adoption manner comprised dispersing the raw material zirconium oxide powder and the seed crystal by ultrasonic 
in isopropanol to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

The raw material powder containing the seed crystal was filled in a platinum vessel. Its bulk density was 25 % of 
the theoretical value. 

Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The results are shown in Table 3. The electron microscopic photograph of the obtained zirconium oxide 
powder is shown in Fig. 8. 

Comparative Example 3 

In the same manner as in Example 20 except that an atmosphere gas of 1 00 vol. % air was used in place of the 
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ahnrephere gas of 100 vol. % hydrogen chloride, the zirconium oxide powder was obtained. According to the observa- 
tion by the scanning electron microscope, no polyhedron particle was formed, and the spherical particles were in the 
agglomerated state, and their number average particle size was 0.2 urn. 

n "^agglomerated Panicle size {D x ) according to the particle size distribution measurement was 11 urn and the 
D9^p 10 ratio was 22. which indicated the broad particle size distribution. A ratio of the agglomerated particle size to the 
"T 6 ^ P artde SEe «*» 55. The results are shown in Table 3. The scanning electron microscopic photograph 
of the obtained zirconium oxide powder is shown in Rg. 9. 

Comparative Example 4 

In thesame manner as in Comparative Example 3 except that the raw material powder of Example 22 but contain- 
ing no seed crystal was used, the zirconium oxide powder was obtained. The results are shown in Table 3. 

ComparalivftFifflnTJftft 

Inthe same manner as in Comparative Example 3 except that the raw material powder of Example 22 containing 
the seed crystal was used, the zirconium oxide powder was obtained. The results aredhown in Tables. 

Example 23 

•^l™ TT i .l P T de l a ^ nesium « i de Powder having the BET specific surface area of 132 nfVg (A primary 
dT^To^ 

thfl ^^^^JZ^^ * mU " ,e ' and nifr0sen S 35 31 a Bnear v ^ °» 2 ° mmArin.. 

the powder was heated from room temperature at a heating rate of 300 »C/hr. When the temperature reached 800-C 
fte nrtrogen gas ^changed to an atmosphere gas of 100 vol. % hydrogen chloride, While flowing this atmosphere 
gas at a ^velocity of 20 mnVmin.. the powder was calcined at 1 000-C for 30 minutes, followed by spoZeJ 
cooling to obtain a magnesium oxide powder. 

wJX2^? Cb T ati ° n * *" SCanni " 9 electron microECO Pe. the polyhedral particles having 8 to 24 planes 
microscopic photograph of the magnesium oxide powder is shown in Rg. 1 0. 
Example 24 

BET^^,^^^^, 05 ! 6 P ° Wder * ° 1 * °» a magnesium oxide powder having the 

^ 0, !^" f/9 (the Pfimary P 3 ^ 9 size ^'ated from the BET specific surface area = 050 
\un) was aoaea as a seed crystal. 

■ , ( ^Il!! i ^!l^ nn fL C0,T1priSed dfeDereln 9 106 ™* ""aterial magnesium oxide powder and the seed crystal by 
ultrason.c m .sopropanol to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. The raw mate- 

Z T^^JT^T 6 ! ^i"'" 9 * B a** ««* ™* ^ ^e platinum vessel. Its bulk density was 3 % of 

^ ^ Z Same 35 m ^ * e cesium oxide powder was obtained, 

aaai™^™^^ er T°? ^a*™ 1 ^ microscope, thenumberaverageparticlesize was Spm. The 

a^()merated parbcle size (Dgo) according to the particle size distribution measurement was 11 urn. and the CWD 1ft 
rate was 3. which indicated the narrow particle si Z e distrfeution. A ratio of the aggkxnerated partd^TtoflTe Smbe? 

Example 25 

In thesame manner as in Example 24 except that the amount of the seed crystal was changed to 3 wl%. the mao- 
^ T Tne results are shown in Table 3. The scanning e.«ZnSo^^cto^ 

of the obtained magnesium oxide powder is shown in Rg. 12. 

Comparativa FxamplgR 

In the same manner as in Example23 except thai the atnx^ 
torperature in ptace of the atmosphere gas of 100 vol. % hydrogen chloride, the magnesiunT^e 
obtained. According to the observation by the scanning electron miaoscope. no polyhedral was 
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ical particles were in the agglomerated state, and the number average particle size was 0.4 um. The agglomerated par- 
tide size (Dsq) according to the particle size distribution measurement was 1 um and the D 90 /D 10 ratio was 17, which 
indicated the broad particle size distribution. The results are shown in Table 3. The scanning electron microscopic pho- 
tograph of the obtained magnesium oxide powder is shown in Fig. 1 3. 

5 

Comparative Example 7 

In the same manner as in Comparative Example 6 except that the raw material powder of Example 25 was used, 
the magnesium oxide powder was obtained. The results are shown in Table 3. 
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Example^ 

55 Gamma iron (III) oxide (A BET specific surface area of 34.4 nrVg. A primary particle size calculated from the BET 
specific surface area of 0.03 jim) was filled in a platinum vessel. Its bulk density was 16 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mnVrron. , 
the powder was heated from room temperature at a heating rate of 300 °C/hr. When the temperature reached 600°C. 
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the nitrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride. While flowing this atmosphere 
gas at a linear velocity of 20 mm/min. . the powder was calcined at 800°C for 30 minutes, followed by spontaneous cool- 
ing to obtain an iron oxide powder. The weight of the iron oxide powder in the platinum vessel was 92 % of that of the 
powder before calcination. 

According to the X-ray diffraction analysis, the obtained iron oxide powder was alpha iron (III) oxide, and no other 
peak was observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 20 planes 
were formed, and the number average particle size was 5 pi The agglomerated particle size (Djn) according to the 
particle size distribution measurement was 6 jun. and the Dg</D 10 ratio was 4. which indicated the narrow particle size 
distribution. The ratio of the agglomerated particle size to the number average particle size was 1 3 The results are 
shown m Table 4. The scanning electron microscopic photograph of the obtained alpha iron (III) oxide powder is shown 
in rig. 14. 

Comparative Example ft 

In the same manner as in Example 26 except that an atmosphere gas d 100 vol. % air was supplied from the room 
obSr3 UrB " nf>laCe0fthe atmosphere 9as of 100 vol. % hydrogen chloride, the alpha iron (III) oxide powder was 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, the spherical 
particles were in the agglomerated state, and their number average particle size was 0.2 pm. The agglomerated particle 
size (Dgc) according to the particle size distribution measurement was 7 pm. and the t^D^ ratio was 100. which indi- 
cated the narrow particle size distribution. The ratio of the agglomerated particle to the number average particle size 
was35. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (III) 
oxide powder is shown in Fig. 15. 

Example 27 

Cerium (IV) sulfate (WAKO JUNYAKU. Special Grade Chemical) (100 g) was dissolved in pure water (900 g) to 
^m^^^^ 1 "^ 1 01 8 f efium (IV > 5uHa,a To •* aqueous solution, a 2N aqueous solution of sodium hydrox- 
ide (WAMD JUNYAKU. Special Grade Chemical) was added tin pH reached 1 0 to neutralize the solution and precipitate 
the salt The precipitate was separated by cerrtrifugafon and stirred in pure water. These procedures were repeated 
several times to wash the precipitate with water. The precipitate washed with water was dried at 120°C to obtain a 
cerium oxide precursor powder. According to the X-ray diffraction analysis, a broad peak assigned to cubic system 
cenum oxxie was observed. The BET specific surface area of this precursor powder was 208.7 nrVg, and the primary 
particle size calculated from the BET specific surface area was 0.004 yon. 

The cerium oxide precursor powder was filled in a platinum vessel. Then, it was placed in the quartz muffle, and 
^!^? 9 ™^ a ' inear vetoci * rt 20 mm/mJn -- *e powder was heated from room temperature at a heating rate 
2£E^?£! tenrperatUfe reacned 400 ° C - *■ ™ ««s changed to an atmosphere gas of 100 vol. % hydrogen 
chloride. While flowing this atmosphere gas at a linear velocity of 20 mm/min.. the powder was calcined at 1 1 00»C for 
60 minutes, followed by spontaneous cooling to obtain a cerium oxide powder 

According to the X-ray diffraction analysis, the obtained cerium oxide powder was cubic system cerium oxide, and 
no other peak was observed. 

Acceding to the observation by the scanning electron microscope, the polyhedral particles having 6 planes, that 
«. the cubic partctes were formed, and the number average particle size was 1.5 pm. The results are shown in Table 
4. Tne scanning electron microscopic photograph of the obtained powder is shown in Fig. 16. 

Comparativft Fttflmpfr Q 

In the same manner as in Example 27 except that as an atmosphere gas. an air was used in place of hydrogen 
chloride, the cerium oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
sphencal particles were in the agglomerated state The results are shown in Table 4. The scanning electron rrtcroscopic 
photograph of the obtained cerium oxide powder is shown in Fig. 17. 

Example 28 

As a raw material powder, a metastannic acid powder (Nippon Chemical Industries Co.. Ltd. A BET specific surface 
area = 75.4 nr/g) was used. 
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The metastannic acid powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and with 
flowing an air at a linear velocity of 20 rnm/min., the powder was heated from room temperature at a heating rate of 
300°C/hr. When the temperature reached 600°C, the air was changed to an atmosphere gas consisting of 50 vol. % of 
hydrogen chloride and 50 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mm/min.. the 
powder was calcined at 1050°C for 60 minutes, followed by spontaneous cooling to obtain a tin oxide powder. 

According to the X-ray diffraction analysis, the obtained tin oxide powder was tin dioxide, and no other peak was 
observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 24 planes 
were formed, and the number average particle size was 0.4 pm. The results are shown in Table 4. The scanning elec- 
tron microscopic photograph of the obtained powder is shown in Fig. 18. 

Comparative Example 10 

In the same manner as in Example 28 except that as an atmosphere gas, an air was used in place of hydrogen 
chloride, the tin oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
spherical particles were in the agglomerated state. The results are shown in Table 4. The scanning electron microscopic 
photograph of the obtained powder is shown in Fig. 19. 

Example 29 

Indium (III) chloride tetrahydrate(WAKO JUNYAKU, Special Grade Crierrical) (14.67 g) was dissolved in pure water 
to obtain an aqueous solution of indium (III) chloride (1 00 g). To this aqueous solution, a 1 N aqueous ammonia (25 % 
aqueous ammonia. WAKD JUNYAKU. Prepared by diluting Special Grade Chemical with pure water) was added till pH 
reached 8 to neutralize the solution and precipitate the salt. The preqpitate was separated by titration and stirred in 
pure water. These procedures were repeated several times to wash the precipitate with water. The precipitate washed 
with water was dried at 130°C to obtain an indium oxide precursor powder. 

According to the X-ray diffraction analysis, peaks assigned to indium hydroxide and indium axyhydroxide were 
observed. The BET specific surface area of this precursor powder was 70.4 m^/g. 

The indium oxide precursor powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and 
with flowing an air at a linear velocity of 20 rnm/min., the powder was heated from room temperature at a heating rate 
of 600°C/hr. When the temperature reached 1000°C, the air was changed to an atmosphere gas consisting of 20 vol. 
% of hydrogen chloride and 80 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mm/min., 
the powder was calcined at 1000°C for 30 minutes, followed by spontaneous cooling to obtain an indium oxide powder. 

According to the X-ray diffraction analysis, the obtained indium oxide powder was indium oxide, and no other peak 
was observed. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained powder 
is shown in Fig. 20. 

Comparative Example 11 

In the same manner as in Example 29 except that as an atmosphere gas, an air was used in place of hydrogen 
chloride, the indium oxide powder was obtained. 

The results are shown in Table 4. The scanning electron microscopic photograph of the obtained indium oxide pow- 
der is shown in Fig. 21. 
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Claims 

55 1. A metal oxide powder of a single metal element except a-atumina, comprising polyhedral particles having at least 
6 planes each, a nurrfeer average particle size of from 0.1 to 300 \m, and a Dgo/D^ ratio of 10 or less where D 10 
and are particle sizes at 1 0 % and 90 % accumulation, respectively from the smallest particle size side in a 
cumulative particle size curve of the particles. 



25 



EP0666238B1 

2. "Die metal oxide powder according to claim 1. wherein said ratio is 5 or less. 

^ S^Tto^ 

5 ' rm^'rt ^l^i" 9 * 008 * daims 1 to 4 - **««*» said metal oxide is a sinple metal oxJde of 
5.n ^ o ^ Se ^ t . ed fr ° m the 9ro,p COnsistin9 <* ™*al elements of the Grcxps lb. II. II^IV. V VI VII and 
VIII of the Periodic Table, except o-alumina powder. v. v. vi, vnana 

6 - J^.^ 81 Qxide P 0 "** accondin 9 to any one of clams 1 to 4. wherein said metal oxide is a simple metal oxide of 

7 " ^J^S^ 3CC0,din9 to °" e <* <**»* 1 to 4. wherein said metal oxide is a sinple metal oxide of 
a metal selected from the group consisting of magnesium, zirconium and iron. 

8. T^n^ oxide powder according to any one of claims 1 to 

9 - aCCOnSing to.^ °^ °f ^ 1 to 4, wherein said metal oxide is a sinple metal oxide of 

a metal selected from the group consisting of indium and tin. 

10 * r^^°^. P r d l aCCOrdin9 toanyoneo,claims1to4 - herein said metal oxide is a sinple metal oxide of 

b^l^lZXZJ™* 8 * ^ Ca * rtum ' germanium, niobium. Saturn, anting 

bismuth, chromium, molybdenum, manganese, cobalt, nickel and uranium 

11. A ruffle type titanium oxide powder comprising polyhedral particles each having at least 8 planes. 

12. The ruffle type titanium oxide powder according to daim 1 1 . wherein a ratio of an agglomerated particle size to a 
pnmary part.de size is from 1 to 2. and a BET specific surface area is from 0.1 to 10^g. 

13. A method for producing a metal oxide powder having a narrow particle size distribution except a-alumina comDris- 
-ng ratarmg a meta. oxide powder or a metal oxide precurcor powder in the presence or aSrL Z se^TZIl 
nanatoosphere containing at toast one gas selected from the group conSsfing of (1)7f^en SeX 
component prepared from a molecular halogen and steam and (3) a molecular halogen { > 

14. The method according to claim 13. wherein said calcination is carried out in the presence of a seed crystal. 

15. The method according to claim 13 or 14. wherein said gas contained in said atmosphere gas is a hydrogen haBde. 

16. The method according to claim 15. wherein said hydrogen hafide is hydrogen chloride or hydrogen bromide. 

17. The method according to claim 15. wherein said hydrogen haOde is hydrogen fluoride. 

1 8 ' aitoSS ST"" 9 10 daim 15> Whefein 3 C °° Cef,tration °» «*» "V*^^ halide is at least 1 vol. % of said 

2a The method according to claim 19. wherein said molecular halogen is chlorine or bromine. 

21. The method according to daim 19. wherein said molecular halogen is fluorine 

22. The method according to claim 19. wherein said component is prepared from at least 1 vol. % of said molecular 
halogen and at least 0. 1 vd. % of steam, both based on said atmosphere gas. 



26 



EP0666 238B1 



23. The method according to claim 13 or 14, wherein said gas contained in said atmosphere gas is a molecular halo- 
gen which is chlorine or bromine, and a concentration of said molecular halogen in said atmosphere gas is at least 
1 vol.%. 

24. The method according to claim 13. wherein said metal oxide powder or metal oxide precursor powder has a bulk 
density of 40 % or less of a theoretical value. 

25. The method according to claim 14, wherein said seed crystal had a bulk density of 40 % or less of a theoretical 
value. 

26. The method according to claim 13 or 14, wherein said metal oxide having a narrow particle size distribution except 
a-alumina is formed on a site where said metal oxide powder or metal oxide precursor powder to be calcined is 
present 

27. The method accorcSng to claim 1 3 or 14, wherein said metal oxide powder or metal oxide precursor powder to be 
calcined is a metal oxide powder or metal oxide precursor powder of a metal element selected from the group con- 
sisting of the metal elements of the Groups lb, II. Ill, IV. V. VI, VII and VIII of the Periodic Table. 

28. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of magnesium, 
titanium, zirconium and iron. 

29. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of cerium. 

30. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of indium and 
tin. 

31. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of zinc, cad- 
mium, galOum, germanium, niobium, tantalum, antimony, bismuth, chromium, molybdenum, manganese, cobalt, 
nickel and uranium. 

Paten tanspruche 

1 . MetaltaxkiptJver eines einzelnen Metallelements, ausgenommen a-MuminiumoxxJ, umfassend polyedrische Tefl- 
chen rrit jewels wenigstens 6 Flachen, einem Zahlenmrttel der TeitahengrOBe von 0,1 bis 300 pm und einem 
Dgo/D^-Verhaftnis von 10 Oder weniger. wobei D 10 bzw. D90 in einer TeilchengrOBensummenkurve der Teifchen, 
beginnend auf der Seite der Weinsten TeachengrOBe, die TeflchengrOBen bei 10% bzw. 90% Anrefcherung bedeu- 
ten. 

2. Metal loxidputver nach Anspruch 1 . wobei das Dgo/D^-Verhattnis 5 Oder weniger betragt 

3. Metal toxkipUver nach Anspruch 2, wobei das Verhaitnis der GrOBe eines agglomerierten Teflchens zur GrOBe 
eines primaren Teitehens 1 bis 6 betragt 

4. Metaltoxidpulver nach Anspruch 3, wobei das Verhaitnis der GrOBe eines agglomerierten Teilchens zur GrOBe 
eines primaren Teilchens 1 bis 3 betragt 

5. Metaltotidptfver nach einem der Anspruche 1 bis 4, wobei das Metallaxid ein einfaches MetalloxkJ eines Metallele- 
ments, ausgewahlt ausden Metanelementen der Gruppen t>, II, III, IV. V. VI. VII und VIII des Periodensystems, ist. 
ausgenommen a-AIurniniurnoxidpurver. 

6. Metalloxidptiver nach einem der AnsprOche 1 bis 4, wobei das Metaltaxid ein einfaches MetaJloxid von Titan ist. 

7. Metaltoxidpulver nach einem der AnsprOche 1 bis 4, wobei das MetaJloxid ein einfaches MetaJloxid eines Metalls, 
ausgewahlt aus Magnesium, Zirconium und Eisen, ist 



27 



50 



55 



EP0 666 238B1 

8. Metalloxidpulver nach einem der Anspruche 1 bis 4. wobei das Metalloxid ein einfaches Metalloxid von Cer 1st. 

9 ' ^^^"f 1 einem der Anspruche 1 bis 4. wobei das Metalloxid ein einfaches Metalloxid eines Metalls 
ausgewahlt aus Indium und 2nn, ist. ' 

5 

1 °- ^SStr h 61 " dW ^ Prtl ^ e 1b ' S4 ' wobei das Meta) to»d ein einfaches Metalloxid eines Metalls. 
SS5^ ra ^ Um ' • GefmanSUm - ^ Tantal ' Antimon - ^ ^ Mangan. 

»o 11. Trtanoxidpulver vom Rulil-Typ. umfassend polyedrische Teilchen mit jeweils wenigstens 8 FHchen. 

12. Trtanmodpulver vom Rulil-Typ nach Anspruch 1 1 . wobei das Verhattnis der Gr6Be eines agglomerierten Teilchens 
MGMe anes pnmaren Teilchens 1 bis 2 betragt und die spezifische Oberflache nacS^TS TonSJ 

15 

13 * I^Z^^L^f MetaBoxidpulvere "* *» engen TeOchengrOBenverteflung. ausgenommen «- 
^rZTll ^L^ 6 " Mete *«Mpulvers oder Metalicoddprflkursc.e^lve^n^g^ 
S^rn^SL^ TS 5 * 3 " 5 ^ A1mOSphare - die ******* * Gas entnTausrjewahSTo 

14. Verfahren nach Anspruch 13. wobei die CaJcinierung in Qegenwart eines Impfkristalls durcbgefohrt wird. 
25 ^JTsT* node,U ' wob ^ das M <* * der Atmosphere enthatten ist, ein Wasserstoffha- 

16. Verfahren nach Anspruch 15. wobei das Wasserstoffhalogenid Chlorwasserstoff oder Bromwasserstoff ist 

17. Verfahren nach Anspruch 15. wobei das Wasserstoffhalogenid Fluorwasserstoff ist 

18 ' SeSaTefaSS 1 ' * ***** * des ^rstoffhalogenids wenigstens 1 Vol,% des Atmo- 

19. Verfahren nach Anspruch 13 oder 14. wobei das Gas. welches im Atmospharengas enthatten ist der Bestandtefl 
rt. weteher aus einem motekularen Halogen und Wasserdampf henjesSwuST Bestandtel 

20. Verfahren nach Anspruch 19. wobei das molekulare Halogen Chtor oder Brom ist 

21. Verfahren nach Anspruch 19. wobei das molekUare Halogen Fluor ist. 

w^slT^T^,!^ ^ ndteB 3US 1 Vo,% ** -oiekularen Hatogens und 

wenigstens 0.1 VoL-% Wasserdampf, jeweils bezogen auf das Atmospharengas, hergesteltt wild. 

23 " Ha^rdt^TS Z 0 ^! 4 ^ ^ W6,CheS im A^^^as enthatten ist ein motekubres 
S rjot.'-Jau2S^ er ^entration des moiekuteren Halogens im Atrnospharengas werrig- 

25 ~ ShTtte" 3 * 14 WObeidef ,m P fkristaJI « ne SchOttdicnte von 40% oder weniger des theorefechen 

26. Verfahren nach Anspruch 13 oder 14. wobei das Metaloxid mit einer engen TeiWwngroBenverteilung ausaenom- 

27. Verfahren nach Anspruch 1 3 oder 14. wobei das zu cateinierende Metalloxidpulver oder Metalloxit^rakursorenpul- 
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ver ein Metalloxidpulver oder Metalloxidprakursorenpulver eines Metallelements, ausgewahit aus den Metallele- 
mertten der Gruppen lb, II, III, IV, V, VI, VII und VIII des Periodensystems, Ist. 

28. Verfehren nach Anspruch 1 3 oder 1 4, wobei das Metalloxkfculver oder Metalloxidprakursorenpulver ein Melalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahit aus Magnesium. Titan, Zirconium und Eisen, 
ist. 

29. Verfehren nach Anspruch 13 oder 14, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver von Cer ist. 

30. Verfehren nach Anspruch 13 oder 14, wobei das Metalloxkfculver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahit aus Indium und Zinn, ist 

31 . Verfehren nach Anspruch 1 3 oder 1 4. wobei das MetaUoxidpulver oder Metalloxklprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahit aus Zink, Cadmium, Gallium, Germanium, 
Niob, Tantal, Antimon, Wismut, Chrom. Mdybdan, Mangan, Cobalt, Nickel und Uran, ist. 

Revendlcations 

1 . Poudre d'oxyde rn£taIDque cfun metal Sementaire unique, a rexceptfon de Pa-alumine, comprenant des particules 
poly6driques ayant au moins 6 plans chacune. une g/anulometrie moyertne en nombre de 0,1 a 300 um, et un rap- 
port D9o/D 10 de 10 ou moins ou D 10 et Dg 0 sort les granulomeres a une accumulation de 10 % et 90 %, respec- 
tivement. depuis le cdte de la granulometrie la plus petite dans une courbe de granulometrie cumulative des 
particules. 

2. Poudre d'oxyde metallique selon la revendication 1 , dans laquelle ledit rapport Dg</D 10 est de 5 ou moins. 

3. Poudre d'oxyde metallique seton la revendication 2, dans laquelle le rapport de la granulometrie agglomeree a la 
granulometrie primaire est de 1 a 6. 

4. Poudre cfoxyde metalfique selon la revendication 3, dans laquelle ledit rapport de la granulometrie agglomeree a 
la granulometrie primaire est de 1 a 3. 

5. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple d un metal elementaire choisi dans P ensemble constitue par les m&aux elementai- 
res des Groupes lb, II, III. IV, V, VI, VII et Vill du Tableau Periodique, a i'exception de la poudre d'a-alumine. 

6. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple de titane. 

7. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple cfun metal choisi dans I'ensemble constitue par le magnesium, le zirconium et le fer. 

& Poudre cfoxyde metallique selon Tune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple de cerium. 

9. Poudre cfoxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple cfun metal choisi dans I'ensemble constitue par Hndium et retain. 

10. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple d'un metal choisi dans rensemWe constitue par le zinc, le cadmium, le gallium, le 
germanium, le niobium, le tantale. rarttimome. le bismuth, le chrome, le molybdene. le manganese, le cobalt, le nic- 
kel et I'uraniura 

11. Poudre cfoxyde de titane de type rutfle comprenant des particules polyedriques ayant chacune au moins 8 plans. 

12. Poudre d'oxyde de titane de type rutfle selon la revendication 1 1 . dans lequel le rapport de la granulorn&rie agglo- 
meree a la granulometrie primaire est de 1 a 2. et raire srjedfique BET est de 0.1 a 10 rrftg. 
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13. Precede pour produire une poudre d'oxyde metallique ayant une distribution etroite de granulometrie. a Texception 
de ro-alurrane. comprenant la calcination d^une poudre d'oxyde metallique ou d'une poudre de precurseur d oxyde 
metallique en presence ou en rabsence d'un germe cristallin dans une atmosphere contenant au moins un gaz 
choisi dans I'ensemWe constitu6 par (1) un halogenure dlTydrog6ne (2) un composant prepare a partir tfun 
halogene moleculaire et de vapeur et (3) un halogene moleculaire. 

14. Precede selon la revendication 13. dans lequel ladite calcination est realises en presence (fun germe cristallin. 

15. Precede seton la revendication 13 ou 14. dans lequel (edit gaz contenu dans ladite atmosphere gazeuse est un 
hatog6nure d"hydrogene. 

16. Procede selon la revendication 15. dans lequel ledrt halogenure tfhydrogene est le chlorure cfhydrogene ou le bro- 
mure cfhydrogene. 

17. Precede selon la revendication 15. dans lequel ledit halogenure dlrydrogdne est le fluorure tfhydrogena 

18. Proced6 selon la revendication 15. dans lequel la concentration dudit halogenure cfhydrogene est rfau moins 1 % 
en volume de ladite atmosphere gazeuse. 

19. Precede selon la revendication 13 ou 14, dans lequel ledit gaz contenu dans ladite atmosphere gazeuse est ledit 
compos6 prepare & partir tfun halogene mol6culaire et de v^>eur. 

20. Precede selon la revendication 19. dans lequel ledrt halogene moleculaire est le chtore ou le brome. 

21 . Precede selon la revendication 19. dans lequel ledit halogene moleciflaire est le fluor. 

22. Precede seton la revendication 19. dans lequel ledit composant est prepare a partir dau moins 1 % en volume dudit 
halogene mc46culaire et rfau moins 0. 1 % en volume de vapeur. les deux par rapport a ladite atmosphere gazeuse. 

23. Precede selon la revendication 13 ou 14. dans lequel ledit gaz contenu dans ladite atmosphere gazeuse est un 
halogene moleculaire qui est le colore ou le brome. et la concentration dudit halogene moleculaire dans ladite 
atmosphere gazeuse est rfau moins 1 % en volume. 

24. Procede seton la revendication 1 3. dans lequel ladite poudre doxyde metallique ou poudre de precurseur rfoxvde 
metallique a une masse volumique non tassee representant 40 % ou moins de la valeur theorique. 

25. Precede seton la revendication 14. dans lequel ledit germe cristalBn a une masse voiumique non tassee reoresen- 
tant 40 % ou moins de la valeur theorique 

26. Proc6d6 seton la revendication 13 ou 14. dans lequel ledit oxyde metallique ayant une distribution etroite de gra- 
nulometrie. a "'exception de fo-alumine. est form6 sur un site ou ladite poudre tfoxyde metallique ou poudre de pre- 
curseur cfcrxyde metallique devant etre calcin6e est preseme. 

27. Procede seton la revendication 13 ou 14. dans lequel ladite poudre tfoxyde metaSque ou poudre de precurseur 
d oxyde metallique devant etre caJdnee est une poudre tfoxyde metallique ou une poudre de precurseur tfoxyde 
n^WBque tfun metal efementaire choisi dam. rensemWe consttu6 par les metaux eJementaires des Groupes lb. 
II. III. IV. V. VI. VII et VIII du Tableau Periodique. 

28. Proc6d6 selon la revendication 13 ou 14. dans lequel ladite poudre d'oxyde metallique ou poudre de precurseur 
doxyde metallique est une poudre d'oxyde metallique ou poudre de precurseur d'oxyde metallique d'un metal 
choisi dans rensemWe constitu6 par le magnesium, le t'tane, le zirconium et le fer. 

29. Precede seton la revendication 13 ou 14. dans lequel ladite poudre d'oxyde metallique ou poudre de precurseur 
d oxyde metallique est une poudre d'oxyde metallique ou poudre de precurseur tfoxyde metallique de cerium. 

30. Proc6d6 seton la revendication 13 ou 14. dans lequel ladite poudre tfoxyde metallique ou poudre de precurseur 
doxyde metallique est une poudre d'oxyde metallique ou poudre de precurseur doxyde metallique d'un metal 
chow dans rensemWe constito6 par nndiumet retain. 
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31. Procede selon la revindication 13 ou 14, dans lequel ladite poudre d'oxyde metallique ou poudre de precurseur 
d'oxyde m6tallique est une poudre d'oxyde m&allique ou poudre de pr6curseur d'oxyde m&allique d'un metal 
choisi dans I'ensemble constitue par le zinc, le cadmium, le galDum, le germanium, le niobium, le tantaJe, I'anti- 
moine, le bismuth, le chrome, le molybdene, le manganese, le cobalt, le nickel et Puranium. 
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